The aim of this study was to evaluate crude protein (CP) levels for European quails from one to 14, 14 to 28 and 28 to 42 days old. The experiment was carried out in a completely randomized experimental design, with five treatments and five replications. No significant effects of CP levels on weight gain and feed conversion from 1 to 14 days were observed, however quails fed 26% CP diets had lower feed intake. The CP levels from 14 to 28 days had significant effect on feed intake, weight gain and feed conversion. Maximum weight gain and minimum feed conversion were estimated for quails fed 24% CP. The CP levels had a significant effect on the traits studied in the final phase, highest weight gain and lowest feed conversion were estimated for quails fed 23% CP. No significant effects of CP levels on hot and cold carcass weights, breast weight, and thigh and drumstick weight were observed. The crude protein requirements for European quails from 1 to 14, 14 to 28 days and 28 to 42 days old are 26, 24 and 23%, respectively, if the requirements of the first limiting amino acids are met.
Introduction
The quality of the protein has great importance in quails diets rather, than the level in the diet, however, a food protein level offered for animals can not be underestimated, since several studies indicate effects on the parameters performance of quails (1) . Normally, the performance is increasing with the dietary crude protein increase. Otherwise, it will make the performance decrease and nitrogen wasted in intake excessive amounts of crude protein. It is not only a losing in benefit but also a polluting for environment (2) .
According to Jordão Filho et al. (3) , excess protein increases the oxidation of amino acid as source of energy and nitrogen excretion, whereas the deficiency increases the catabolism of tissue protein and fat from the poultry carcass. More importantly that diet must be formulated to contain the correct amount of crude protein for optimum performance. This strategy allow the chickens and quails to better utilize the dietary protein and to have no changes in performance traits by preventing the excessive excretion of amino acids and nitrogen, what would result in increased pollution of the environment.
Faced with few studies assessing the nutritional requirements for European quails and the discrepancy among the suggested values, this paper aimed to evaluate the effect of crude protein levels on the performance of European quails in the initial (from 1 to 14), growth (from 14 to 28) and final phases (from 28 to 42 days old) and on carcass weight and main cuts of European quails at 42 days of age.
Material and Methods
Three experiments were carried out at the Research Laboratory of Non-Ruminants of the Department of Animal Science in the Universidade Federal dos Vales do Jequitinhonha e Mucuri, in Diamantina, State of Minas Gerais, from July to September of 2011, using quails from the quail improvement breeding program of UFVJM. The experimental protocol was approved by the Animal Use Ethics Committee (CEUA) of the institution, with the protocol number: 005/2011. The quails were evaluated in three phases, the initial (from 1 to 14 days old), growth (from 14 to 28 days old) and final (from 28 to 42 days old). The quails were always housed in three battery cages, made of galvanized wire (60 x 60 x 35 cm) equipped with trough type feeders and pressure cup drinker.
For the first experiment (initial phase) a total of 375 quails of one day old, no sexed, were allotted into five crude protein diets (26, 28, 30, 32 and 34%) in a completely randomized experimental design with five repetitions and 15 quails per experimental unit.
For the second experiment (growth phase), a total of 450 quails, no sexed, were allotted into five crude protein diets (24, 26, 28, 30 and 32%) in a completely randomized experimental design with five repetitions and 18 quails per experimental unit.
And in the third experiment (final phase) a total of 300 quails, sexed, were allotted into five crude protein diets (19, 21, 23, 25 and 27%) in a completely randomized experimental design with five repetitions and 12 quails per experimental unit (six males and six females).
The quails utilized in second and third experiment, were housed in protective circles under the floor, equipped with a feeder broiler small, pressure cup drinkers and heating system with infrared lamps (250W) until 14 th and 28 th days, respectively. The quails received a diet formulated so as to meet their nutritional requirements, as recommended by Silva & Costa (4) .
The experimental diets were mainly comprised of corn and soybean meal and were formulated to meet the nutritional requirements of all nutrients, except crude protein (Tables 1, 2 and 3). The crude protein levels were obtained, mostly, by adjusting the amounts of corn and soybean meal. The essential amino acids levels (methionine, lysine, threonine and valine) were supplemented with industrial amino acids and followed the amino acids: lysine ratios next to those recommended by Silva & Costa (4) for European quails. The composition of the ingredients followed those described by Rostagno et al. (5) . The water and food supplies were ad libitum throughout the experimental period. The maximum and minimum temperatures within the facilities were recorded daily with the use of three thermometers, one in each of the battery cages.
The minimum proportion of relative digestible amino acid to the lysine were 76% methionine + cystine and threonine, 21% for tryptophan, 90% for valine in initial phase. The growth phase were 74% methionine + cystine, 73% for threonine, 20% for tryptophan and 91% for valine. The final phase 69% metionina + cystine, 68% for threonine, 22% for tryptophan and 88% for valine, wich are close to recommendations Silva & Costa (4) .
Body weight and feed intake were recorded in each phase and mortality during the experimental period (date and the number of birds) was registered for subsequent correction of the feed intake.
The weight gain (g/bird), feed intake (g/bird) and feed conversion (grams of feed intake/grams of weight gain) were recorded in all the three experiments. Live body weight, hot carcass weight, cold carcass weight, breast weight and legs weight (thigh and drumstick) at 42 days of age were also recorded.
At 42 days of age four birds of each replication, two males and two females, according to the group average weight (± 5%) were identified, stunned by cervical dislocation, slaughtered and bled for two minutes, after a fasting period of six hours. The scalding of the quails was held at a controlled temperature (from 53 to 55°C) for 20 to 40 seconds. The birds were also eviscerated and the carcasses were weighed, without feet and head, and placed in a pre-cooling bath for 25 minutes, at 16°C and then cooled to 2°C for 24 hours. After 24 hours the main cuts were made and weighed.
All data were initially tested by normality and homogeneity of residual variances and analyzed the crude protein requirements. Were estimated by the first derivative of a second degree polynomial regression models and by fitting a broken line model.
Results and Discussion
The average of the minimum and maximum temperatures values inside the barn were 28. 3 Significant linear effect (P<0.05) of CP on feed intake of the quails in the initial phase, 1 to 14 days, (FI= 1.329 + 95.048CP, R 2 = 0.64) was observed (Table 4 ). This effect can be explained by the deficiency in protein, even with supplementation of some essential amino acids, which led to an increase in feed intake to compensate for the protein deficiency and therefore, obtaining adequate levels of protein that meet your requirements. According to Diambra & McCartney (6) birds submitted to diets deficient in protein tend to increase consumption to compensate for this deficiency. Result similar to this work was reported by Corrêa et al. (7) , that evaluating CP levels in diets for European quails from 1 to 21 days of age, found that higher feed intake was observed for quails fed 31% CP in diets. Teixeira et al. (8) observed that 18.41% of CP in diet with 2550 kcal of ME kg -1 decreased feed intake of quails from 1 to 21 days of age and suggested that levels increased of CP and ME, can occur increased in feed intake.
Despite the increased feed intake observed in quails fed with higher levels of crude protein, the crude protein levels did not influence (P>0.05) the quails weight gain and feed conversion. In this phase were supplemented with the amino acids lysine, methionine, threonine and valine, and the other for providing orally (corn and soyan meal). Thus, it is possible that feeds with lower protein levels, may have limited weight gain due to the limited amount of essential and nonessential amino acids in nonsupplement feed.
Teixeira et al. (8) observed increase in the weight gain of European quails, with the increase of protein levels in the diets (from 18 to 26%, with a range of 0.02%) and 2700 kcal ME kg -1 . Otutumi et al. (9) observed better performance for European quails fed 27% CP in diets, from 1 to 14 days of age. While Silva et al. (10) recommended 22.4% CP in diets, supplemented with 1.1% methionine + cystine and 1.2% lysine for European quail from 1 to 21 days of age.
The CP levels affected (P<0.05) feed intake, weight gain and feed conversion of meat quails from 14 to 28 days of age (Table 5 ). Increasing crude protein levels in the diets resulted in a reduction of feed intake, according to the equation: FI= 386.133 -5.505CP (R 2 =0.97). The diets content increased levels of crude protein may have presenting some imbalance of amino acids and that may have changed the feed intake in order to reduce it in terms of crude protein additions studied. According, Albino et al. (11) , the degree of deficiency or imbalance of amino acids in the feed results in various reactions of the birds, so that the feed intake is modified.
The weight gain decreased linearly with the increase of crude protein of the diet according to the equation WG= 167.991 -2.993CP, R 2 =0.83 (Figure 1) . The result of a broken line model: WG= 78.996 -3.197(29.36 -CP), R 2 =0.84 suggests quails fed 29.36% CP in diets showed the lowest weight gain. Although weight gain decreased linearly with crude protein increased, this response pattern demonstrated that among the treatments, the results worst were observed at the higher crude protein levels (26, 28 and 30% CP). The results have shown that the best response in weight gain were of the quails with diets of 22 and 24% CP level. This result can be explained in part by lower feed intake obtained with higher levels of crude protein in diets and also due to excess protein and amino acids that are deaminated and nitrogen will be excreted in the form of uric acid by the birds. The process reflects in energy expenditure for the bird, so the excess of amino acids, or proteins do not contribute to improve the performance of the birds. In a study to evaluate different CP diet levels for European quail, Teixeira et al. (8) observed that quails fed 23% CP in diets and 3100 kcal ME kg -1 showed better weight gain from 1 to 35 days of age. The observed reduction in weight gain due to an increase in diet protein level, according to Lima et al. (12) is because the excess in amino acids can result in deviation of the energy for the process of excretion, reducing, thus, the energy to be used for the weight gain, besides environmental cost of increased nitrogen excretion. (13) observed that the growth performance was higher in Japanese quail during starter (1 to 3 week) fed on high protein and high energy (27% CP and 3000 Kcal ME/kg). Jordão Filho et al. (3) observed that dietary requirement for protein gain was 30% higher for Japanese quails compared with the European, due to their being less efficient in the use of dietary protein to gain than European quails. The authors reported that use efficiency of protein for maintenance of metabolic processes and growth depends on the poultry genotype, in which poultry with the greatest potential for growth would be theoretically more efficient using the diet nutrients.
However, Dowarah & Sethi
Corrêa et al. (14) observed that meat type quails fed 27.9% CP in diets had better weight gain from 15 to 21 days of age. Otutumi et al. (9) also estimated maximum weight gain and better feed conversion for quails fed 27.43 and 26.35% CP in diets, respectively, from 14 to 21 days of age.
The feed conversion increased with elevation in concentration of crude protein in diets, according to the linear equation: FC= 2.022 + 0.0266CP, R2= 0.46 ( Figure 2) . Similary, the results have shown that the best response in feed conversion were of the quails with diet 24% of CP. A possible explanation for this is that for any excess of crude protein catabolism, more energy is deflected by the body to synthesize uric acid resulting in a decrease in weight gain. Excess protein increases the oxidation of amino acid as source of energy and nitrogen excretion, whereas the deficiency increases the catabolism of tissue protein and fat from the poultry carcass (3) . In a similar manner, Teixeira et al. (8) observed better feed conversion with the lowest level (18% of CP) and 3100 kcal ME kg -1 from 1 to 35 days of age.
The feed conversion increased with elevation in concentration of crude protein in diets, according to the linear equation: FC= 2.022 + 0.0266CP, R2= 0.46 ( Figure 2 ). Similary, the results have shown that the best response in feed conversion were of the quails with diet 24% of CP. A possible explanation for this is that for any excess of crude protein catabolism, more energy is deflected by the body to synthesize uric acid resulting in a decrease in weight gain. Excess protein increases the oxidation of amino acid as source of energy and nitrogen excretion, whereas the deficiency increases the catabolism of tissue protein and fat from the poultry carcass (3) . In a similar manner, Teixeira et al. (8) observed better feed conversion with the lowest level (18% of CP) and 3100 kcal ME kg -1 from 1 to 35 days of age.
The CP level of diets affected significantly (P<0.05) all the performance traits in the final phase (Table 6) . A significant quadratic effect of crude protein in the diets of the quails on the feed intake was estimated according to the following equation: FI=-1584.543 + 170.414CP -3.726CP 2 , R 2 = 0.90. The maximum FI was estimated for quails fed 22.87% CP in diet. This result may be due to the requirements of the birds amino acids, which increased feed intake in an attempt to meet your demand, when fed diets containing lower levels of crude protein.
Crude protein in diets of european quails
The maximum weight gain in the present experiment was estimated for quails fed 23.06% CP diet (WG= -877.282 + 84.686CP -1.836CP 2 , R 2 = 0.95). The optimum level estimated for increased feed intake and the estimated level to maximize weight gain of quails there that are very close, so to feed intake favored weight gain to a certain level. However, the lowest and the highest level of crude protein interfered negatively in weight gain, obtaining lower results (70.45 and 68.32 g, respectively). The low growth of quails fed with lower levels of crude protein might be attributed to the limited amount of essential and nonessential amino acids. And those fed with higher crude protein levels may be due to muscle synthesis is genetically controlled, thus there is a limit on the daily protein deposition, regardless of their intake, as reported by Leeson cited by Sabino et al. (15) .
According to Fridrish et al. (16) , European quails fed 24.6% CP in diets from 28 to 42 days of age showed highest weight gain, similar to the results observed in the present work. High levels of crude protein (30.6 and 28.29%) were required for maximum feed intake and weight gain of meat quails from 28 to 35 days (5) .
In this study quails fed 23.04% CP in diets showed better feed conversion from 28 to 42 days of age (FC= 34.608 -2.691CP + 0.0584CP 2 , R 2 = 0.98). Thus the best feed conversion was estimated for quails fed diets containing the level of 23% crude protein, and this level which also improves weight gain of birds. Teixeira et al. (8) observed lowest levels (18% of CP and 2700kcal ME kg -1 ) showed better feed conversion of European quail from 1 to 35 days of age. This is different from the result obtained by Silva et al. (10) , who observed better feed conversion of meat quails fed diets with lower protein levels (19.2%), suggesting that the protein in the diet from 22 to 42 days can be reduced without harm effect on feed intake. Otutumi et al. (9) found a positive effect on feed conversion by increasing crude protein levels (15, 20, 25 and 30%) in diets of meat quails from 28 to 35 days.
No significant effects of diet CP level (P>0.05) on carcass traits were observed (Table 7) . Similar results were also observed by Corrêa et al. (17) .
However, effect of different levels of crude protein (16 to 28%, with a range of 0.03%) on carcass traits of meat type quails at 42 days old, were studied by Cavalcante et al. (18) that reported better result in carcass yield with 21.81% CP. A negative effect of higher dietary level of protein was obtained thigh + drumstick yield and breast yield of European quail. The authors reported that the excess of protein can be detrimental to the formation of muscle mass, by promote the increased catabolism of amino acids.
